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Abstract 

Aims. We present a catalog of 213 type-2 AGN selected from the zCOSMOS survey. The selected sample covers a wide redshift range (0. 15< 
z <0.92) and is deeper than any other previous study, encompassing the luminosity range 10 55 L Q <L[oni] < 10 91 L Q . We explore the intrinsic 
properties of these AGN and the relation to their X-ray emission (derived from the XMM-COSMOS observations). We study their evolution by 
computing the [O iii]/15007A line luminosity function (LF) and we constrain the fraction of obscured AGN as a function of luminosity and redshift. 
Methods. The sample was selected on the basis of the optical emission line ratios, after applying a cut to the signal-to-noise ratio (S/N) of the 
relevant lines. We used the standard diagnostic diagrams ([O m]/H/3 versus [N ii]/Hq- and [O m]/H/8 versus [S n]/Hcf) to isolate AGN in the redshift 
range 0. 15< z <0.45 and the diagnostic diagram [O m]/H/? versus [O n]/Hy0 to extend the selection to higher redshift (0.5< z <0.92). 
Results. Combining our sample with one drawn from SDSS, we found that the best description of the evolution of type-2 AGN is a luminosity- 
dependent density evolution model. Moreover, using the type-1 AGN LF we were able to constrain the fraction of type-2 AGN to the total (type-1 
+ type-2) AGN population. We found that the type-2 fraction decreases with luminosity, in agreement with the most recent results, and shows 
signs of a slight increase with redshift. However, the trend with luminosity is visible only after combining the SDSS+zCOSMOS samples. From 
the COSMOS data points alone, the type-2 fraction seems to be quite constant with luminosity. 

Key words, surveys-galaxies: AGN 
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1. Introduction 



were further refined bv lVeilleux & OsterbroclJ dl987l) . based on 
[Om]/15007A, [Oi]i6300A, [Nn]i6583A, [S n]/L16717,6731A, 
Hovl6563A and H/3/14861A emission lines, where Ha and Hfi re- 
fer only to the narrow component of the line. The main virtues of 
this technique, illustrated in Fig. [3] are: 1) the lines are relatively 
strong, 2) the line ratios are relatively insensitive to reddening 
corrections because of their close separation, and 3) at least at 
low redshift (z < 0.5) the lines are accessible using ground-based 
optical telescopes. Several samples have been selected in the 
past using the BPT diagrams and the method select AGN reli- 
ably with high completeness ( Dessauges-Zavadskv et ail 120001 : 



According to the standard unified model (e.g.; lAntonuccil[l993l) . 
AGN can be broadly classified into two categories depending on 
whether the central black hole and its associated continuum and 
broad emission-line region are viewed directly (type-1 AGN) or 
are obscured by a dusty circumnuclear medium (type-2 AGN). 
Type-1 AGN are characterized by power-law continuum emis- 
sion, broad permitted emission lines ( > 1000 km s ) and are 
thus easily recognizable from their spectra. In contrast, type- 
2 AGN have narrow permitted and forbidden lines ( < 1000 
km s 1 ) and their stellar continuum, often dominated by stel- ^m^Tall 
lar emission, is similar to normal star-forming galaxies (SFGs). 
The main difference between AGN and SFGs is the ionizing 
source responsible for their emission lines: non-thermal contin- 
uum from an accretion disc around a black hole for AGN or pho- 
toionization by hot massive stars for normal SFGs. 

To identify t ype-2 AGN, we thu s need to determine the 
ionizing source. iBaldwin et al.l (1981) demonstrated how this 
is possible by considering the intensity ratios of two pairs of 
relatively strong emission lines. In particular, they proposed a 
number of diagnostic diagrams (hereafter BPT diagrams), which 
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At high redshift, however, the involved lines are redshifted 
out of the observed optical range and the classical BPT diagrams 
can no longer be used. In these circumstances, it is thus desirable 
to devise a classification system that is based only on the blue 
part of the spectrum. 

For this reason, iRola etail dl997l) . lLamareille et al.1 d2004l) . 
and iPerez-Montero et Tall d2007l) proposed alternative diagrams 
based on the strong lines [On], [Nem], Hfi, and [Ora], which 
provide moderately effective discrimination between starbursts 
and AGN. Since this technique is more recent than classical BPT 
diagrams, it has been used by fewer studies in the literature. We 
also note that, the use of the ratio of two lines that are not close to 
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each other in wavelength (HyS/l4861A and [On]/D727A) makes 
this diagram sensitive to reddening effects which, due to differ- 
ential extinction of th e emission lines and the stellar continuum 
dCalzetti et all 1 1994b . also affect the EW measurements. 

An important issue to address in AGN studies is their evolu- 
tion. The overall optical luminosity function of AGN, as well as 
that of different types of AGN, holds important clues about the 
demographics of the AGN population, which in turn provides 
strong constraints on physical models and theories of AGN and 
galaxy co-evolution. 

Many studies have been conducted and many results ob- 
tained in the past few years to constrain t he optical luminos- 
ity function of typ e-1 AGN at both low dBovle et all 11988 



2004 ) and high redshift d Wa rren et al 



19951; ISchmidt et all 119951: iFan et aL - 
Hunt et all 12004 iBongiorno et all 120071: ICroom et all l2009b 



Hewett et all 1 199 it IPel [19951 iBovle et all 120001: ICroom et al 



1994 
2001 



Kennefick et al 
Wolfet all 12003 



In contrast, there are not many type-2 AGN samples available 
in the literature and consequently very few studies of their evo- 
lution have been conducted; 

In the local Universe, iHuchra & Burgl d 19921) selected 25 
Seyf ert-1 and 23 Seyfer t-2 galaxies from the CfA redshift sur- 
vey dHuchra et all 1 1983b and used these AG N to measure their 
luminosity function. Ulvestad & Hoi d200ll) also computed the 
local luminosity functio n of a sample selected from th e Revised 
Shapley-Ames Catalo g dSandage & Tammannl 1 1 98 lb , and us- 
ing the BPT diagrams. lHao et al] d2005al) derived the luminosity 
function of a sample selected from the SDSS at z < 0.13. 
The only sample that spans a relatively wide redshift range, from 
the loc al Universe up to z~0.83, is that selected bv lReves et alj 
d2008t hereafter R08) from the SDSS sample, which is however 
limited to bright objects (10 8 3 L < L [0 m] < 10 10 L o ). Thus, a 
sample of type-2 AGN encompassing a wide redshift interval 
and including lower luminos ity objects is high l y desi rable. 

The zCOSMOS survey dLillv et all l2007t l2009t) is a large 
redshift survey in the COSMOS field. From this sample, using 
the standard BPT diagr ams at low redshift and the diagram from 
lLamareille et alj d2004l) at high redshift, we selected a sample of 
213 type-2 AGN in a wide redshift range (0.15< z <0.92) and 
luminosity range (10 5,5 L o < L[omj < 1O 91 L ). Here we present 
the main properties of this sample, their [O m] line luminosity 
function, and the derived type-2 AGN fraction as a function of 
luminosity and redshift. 

The paper is organized as follows: Sect. [2] presents a brief 
overview of the COSMOS project and in particular of the 
zCOSMOS sample, while in Sect. [3] we describe in detail the 
adopted method to select the sample. Sections [4] and [5] com- 
pare our sample with both other optical samples and with the 
X-ray selected samp le in the same field (XMM-COS MOS; 
lHasinger et all l2007t ICappelluti et al.1 120091: iBrusa et alj l2007t 
Brusa et al., in prep) respectively. Finally, in Sect. [6] we derive 
our emission-line AGN luminosity function, and in Sect. [7] we 
compare the results with those in previous works and the de- 
rived evolutionary model, as well as the type-2 AGN fraction as 
a function of luminosity and redshift. Finally, Sect. [8] summa- 
rizes our work. 

Throughout this paper, we use AB magnitudes and assume a 
cosmology with £l m = 0.3, Ha = 0.7 and Hq = 70 km s _1 Mpc~' . 



2. zCOSMOS observations and data processing 

The Cosmic Evolution Survey (COSMOS. [Scoville et alll2007l) 
is the largest HST survey (640 orbits) ever undertaken, which 
consists of imaging with the Advanced Camera for Surveys 



(ACS) o f a ~ 2 deg 2 field with si ngle-orbit I-band (F814W) ex- 
posures ( Ko ekemoer et al.Ll2007l) . 

COSMOS observations include the full and homogeneous 
coverage of the field with multi-band photometry: (i) UV with 
GALEX (Schiminovich et al., i n prep.), (ii) optica l multi-band 
data with CFHT and Subaru dCapak et all 120071) (iii) near- 
infrared (NIR) with CT IO, KPNO d Capak etaU [200% and 
CFHT dMcCracken et all 120091). (iv) mid-infrared (MIR) and 
far-infrare d (FIR) with Spitzer dSanders et all 120071) . (v) radio 
with VLA dSchinnerer et all 120071) , and (vi)X-rays w ith XMM 
and Chandra dHasinger et all l2007t lElvis et all [20091). 

The zCOSMOS spectroscopic survey dLillv et all l2007t 
l2009h is a large redshift survey that is being undertaken in the 
COSMOS field using ~ 600 hours of observations with VIMOS 
mounted on the ESO 8 m VLT. The survey has been designed 
to probe galaxy evolution and the effects of environment up to 
high redshift and to produce diagnostic information about galax- 
ies and AGN. 

The zCOSMOS spectroscopic survey consists of two parts: 
(1) zCOSMOS-bright is a pure-magnitude limited survey, which 
spectroscopically observes with the MR grism (R ~ 600; 5550- 
9650 A) objects brighter than 1=22.5. It will ultimately consist 
of spectra of about 20,000 galaxies selected across the entire 
COSMOS field. (2) In zCOSMOS-deep, sources are selected, 
within the central 1 deg 2 , using color-selection criteria to cover 
the range 1.4 < z < 3.0. In this case, observations are performed 
with the LR-blue grism (R ~ 200; 3600-6800 A). 

For both samples, spectra were reduced and spectropho- 
tometrically calibrated using the VIM OS Interactive P i peline 
Graphical Interface software (VIPGI, IScode g gio et all 120051) 
and redshift measureme nts were performed w ith the help of an 
automatic package (EZ. iFumana e t al., 2008) and then visuall y 
double-checked (for more details, see iLillv et all I2007L 120091) . 
Finally, line fluxes and equivalent widths (EWs ) were measured 
our automated pipeline platefit.vimos dLamareille et al.l 
Lamareille et al., in prep), which simultaneously fits all 
the emission lines with Gaussian functions after removing the 
stellar continuum. 

The results presented here are based on the first half of the 
zCOSM OS-bright survey which consists of 10,644 spectra (" 1 0k 
sample"; Lilly & Zcosmos Teaml l2008t Lilly et all 120091) . cor- 
responding to ~ 33% of the total number of galaxies in the parent 
photometric sample. 



3. The type-2 AGN sample 

We isolate a sample of type-2 AGN from the zCOSMOS bright 
sample, using the standard BPT ([Oin]/Hj8 versus [Nn]/Ha and 
[Om]/H0 versus [Sn]/Ha), and the [Om]^5007A/H J S versus 
[On]/Hy6 diagnostic diagrams. 

We first used the entire zCOSMOS 10k bright sample ex- 
cluding duplicate objects, stars, and broad-line AGN. Our ini- 
tial sample contained 8878 extragalactic sources and in particu- 
lar 7010 in the redshift range considered (0.15 < z < 0.45 and 
0.5 < z < 0.92). We excluded the redshift range 0.45< z <0.5 
because, for the wavelength range covered by the VIMOS MR 
grism, the lines [Nn], [S n], and Ha are redshifted outside the 
limit of the spectrum at z > 0.45 and the [On] line enters the 
observed wavelength range only at z > 0.5. 

Secondly, we applied a selection criterion based on the 
signal-to-noise ratio (S/N) of the lines involved in the considered 
diagnostic diagram. In particular, we selected only emission-line 
galaxies in the explored redshift range for which S/N([Om])>5 
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EW([OI1I]A5007A) 

Figure 1. Observed EWs of the [Om] emission line versus the 
signal-to-noise ratio of the same line. Grey points represent the 
parent sample of galaxies in the redshift range considered, while 
black triangles correspond to the emission-line sample (see text) 
obtained after applying our selection criteria (S/N([Om])>5 and 
S/N(oth)>2.5). The dashed line corresponds to the cut in S/N 
of the [O m] line. Finally, red circles highlight the type-2 AGN 
sample selected on the basis of the line ratios. The two bottom 
panels show the EW distribution of the emission-line sample and 
of the type-2 AGN sample, respectively. 



and the S/N of the other involved lines was S/N(other)>2.5. This 
criterion is based mainly on the [O m] line since (1) it is the only 
line always present in the observed wavelength range for our 
adopted redshift interval and (2) we use the [O ra] line to com- 
pute the luminosity function, so higher quality is required for 
this line. 

The sample extracted with this selection criterion consists of 
3081 sources, which represents 44% of the parent sample (7010 
galaxies). Hereafter, we refer to this sample as the "emission- 
line sample." Finally, we used the line ratios in the diagnostic 
diagrams to classify the selected galaxies into two main classes 
(star-forming galaxies and type-2 AGN), drawing a sample of 
213 type-2 AGN. 

The total parent sample, the emission-line sample, and the 
AGN sample are shown in Fig. Q] respectively, as grey points, 
black triangles, and red circles. This plot shows the observed 
equivalent widths (EW) of the [Om] emission line versus the 
S/N of the same line, highlighting the adopted cut in [O m] S/N 
(dashed line). Moreover, the bottom two panels show the EW 
distribution of the final emission-line sample and that of the 
type-2 AGN sample. 

Figure [2] shows some representative zCOSMOS spectra that 
fulfill these criteria. The upper and lower panels correspond, re- 
spectively, to higher ( > 150) and lower (20 < S/N < 70) [O m] 
S/N. In both panels, we show 4 examples of rest-frame spectra of 
Sey-2 and SFGs at different redshifts, two of them correspond- 
ing to the low-redshift bin (0.15 < z < 0.45; see Sect. 13.11 ) and 
the other two to the high redshift bin (0.50 < z < 0.92; see Sect. 

E3. 



In the following sections, we discuss in detail the type-2 
AGN selection procedure in the two redshift intervals. 

3.1. Selection at 0.15 < z < 0.45 

In this redshift range, we used two diagrams based on line- 
intensity ratios constructed from H/3/14861A, [Om]/15007A, 
Ha^6563A, [Nn]^6583A, and [S n]AA61 17,6731 A. In par- 
ticular, we u s ed the standard BPT diagrams proposed by 
iBaldwin et al.l dl98ll) and revised by IVeilleux & Osterbrockl 
(119871) . which consider the plane [O in]/Hy8 vs [N ii]/Ha' (here- 
after [N ii]/Ha diagram) and [O m]/H/3 versus [S ii]/Hq' (hereafter 
[S nJ/Ha diagram). When both [N n] and [S n] lines are measured 
with S/N>2.5, the classification was derived by combining the 
results obtained from both diagrams. 

The exact demarcation between star-forming galaxies and 
AGN in the BPT diagrams is subject to considerable uncertainty. 
In this redshift bin, we assumed the theoretical upper limits to the 
loc ation of star-f o rming galaxies in the BPT diagrams derived 
by IKewlev et alj d200ll) . However, following lLamareille et al.l 
d2004l) . we added a 0.15 dex shift to both axes to the separa- 
tion line in the [S ii]/Hq' diagram (Eq. |2]i to obtain closer agree- 
ment between the classifications obtained with the two diagrams. 
Using the standard division line (without the 0.15 dex shift; see 
Eq. (6) of IKewlev et all 120011) . the disagreement between the 
[Nii]/Hq' and [Sn]/Ha classifications would be 25%, signifi- 
cantly higher than the 5.5% obtained by adding this 0.15 dex 
shift (see below). Moreover, for consistency with the selection 
at 0.5 < z < 0.92 (see Sect. 13.2) . EWs were used instead of 
fluxes. Since the wavelength separation between the emission 
lines involved in these diagrams is small, the use of either EWs 
or fluxes as diagnostics is largely equivalent and produces very 
similar results. The analytical expressions we adopted for the de- 
marcation curves between starburst and AGN-dominated objects 
are the following 



log 



log 



[Om] 

w 

[Om] 
R/3 



0.61 



log ([Nn]/HaO- 0.47 



+ 1.19; 



0.72 



log ([Sn]/Ha)- 0.47 



+ 1.45. 



(1) 



(2) 



Starburst galaxies are located below these lines, while type- 
2 AGN are above (see solid lines in Fig. [3}. In Fig. [3] panel 
(a) , we also show (dashed line) the demarcation line defined 
bv lKauffmann et al.l d2003l). T he inte rmediate region in-between 
this line and the IKewlev et alJ J200Th division line is the param- 
eter space where composite objects are expected. 

In the region of type-2 AGN, we can distinguish further be- 
tween Seyfert-2 galaxies and low ionization nuclear emission 
regions (LINERs; iHeckmanl Il980l) . We applied the separation 
limit based on t he rOiii]^5007A /H6i4861A ratio ([Oin]/Hy0< 
3.0 for LINERs; iHo et al.l 119971) . It is still unclear whether all 
LINERs are AGN. Many studies have been conducted in dif- 
ferent passba nds to understand the n ature of the s e obje cts. In 
the UV band, iBarth et all d!998l) and iMaoz et al.l d2005l) found 
nuclear emission in ~25% of the observed LINERs. Moreover, 
about half of them appear point-like at the resolut ion of HST, 
thus b eing candidate AGN. In the radio band, iNagar et"aTI 
(120001) found that ~ 50% of LINERs ha ve a compact radio core. 
Subsequent studies dFalcke et all [2000) confirmed the existence 
of compact, high-brightness-temperature cores, suggesting that 
an AGN is responsible f or the radio emission rather than a star- 
burst. In the optical band. lKewlev et all d2006l) . studying the host 
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Figure 2. Examples of zCOSMOS spectra, smoothed by 5 pixels. Upper panels: Four examples of rest-frame spectra with higher 
[Om] S/N ( > 150) of objects classified as Sey-2 and star-forming galaxy (SFG) in the low and high redshift bin, respectively. 
Lower panels: the same as above but showing spectra with lower [O ra] S/N (20 H S/N ^ 70). 
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Figure 3. [0.15 < z < 0.45]: (a) log([0 m]/H0) versus log([N n]/Ha) ([N n]/Ha diagram) and (b) log([Om]/H0) versus log([S n]/Ha) 
([S nl/Ha diagram) BPT dia grams. The sol i d line s show the demarcation between SFG and AGN used in this work, which corre- 
sponds to the one defined by Ke wlev et alj d2001l) in panel (a) and a modified version in panel (b), obtai ned by adding a . 15 de x 
in both axes (see text). The dashed line in panel (a) shows as a comparison the dem arcation defined by iKauffmann et all d2003l) . 
Composite objects are expected to be between this line and the iKewlev et alj ( 12001b one. A typical errorbar for SFG, Sey-2, and 
LINER is also shown in both diagrams. For spectra where both [N n] and [S n] lines satisfy the selection criteria (S/N>2.5), the 
classification is performed using both diagrams (see Sect. 13. II ): red circles correspond to objects classified as Sey-2, yellow circles 
correspond to the objects classified as LINER, while green circles are objects classified as SFG. 



properties of a sample of emission-line galaxies selected from 
the SDSS, found that LINERs and Seyfert galaxies form a con- 
tinuous sequence in L/Ledd, thus suggesting th at the majority o f 
LINERs are AGN. Finally, from the X-ray band lHo et al1d2001l) . 
studying the X-ray properties of a sample of low-luminosity 
AGNs, found that at least 60% of LINE Rs contain AGNs, con- 
sistent with the estimates of Ho (199 9]). The sam e perce ntage 
was also recently found by iGonzalez-Martfn et alj d2006l) for a 
sample of bright LINER sources. In the computation of the lu- 
minosity function, we consider the total sample of type-2 AGN 
and LINERs without any distinction. 

The zCOSMOS sample in the 0.15< z <0.45 redshift range 
consists of 2951 sources of which 1461 satisfy our emission- 
line selection criteria as shown in the diagnostic planes. Many 
of them were classified in only one of the two diagrams, but 
614 objects have both [Nn] and [Sn] lines measured and were 
thus classified using both diagrams. In these cases, the classifi- 
cation was performed on the basis of the position of the objects 
in both diagrams. For 580 of them (94.5%), the two classifica- 
tions were consistent with each other, while the remaining 5.5% 
of the objects were classified differently using the two diagrams. 
We confirmed that all these objects are, in at least one of the two 
diagrams, close to the separation line, where the classification 
is not secure. For this reason, we classified these objects on the 
basis of their distance from the division line in the diagram. In 
particular, a classification is taken as the most likely solution if 
its distance (normalized to its error) from the demarcation line 
is the greatest of the two solutions. Since the two diagnostic dia- 
grams have the same y-axis, the distance is computed along the 
x-axis. Using this method, 27/34 (~ 80%) objects were classi- 



fied according to the [N ii]/Hq' diagram, and the remaining 20% 
using the [S n]/Ha diagram. 

The final type-2 AGN sample extracted in this redshift range 
consists of 128 sources out of a total sample of 1461 sources. 
Thirty-one of them are classified as Seyfert-2 and 97 as LINERs 
(see Table Q]). In this redshift range, LINERs constitute ~75% 
of the A GN sample. As compari son, the fraction of LINERs 
found by lLamareille et al.1 (|2009) in the same redshift range, 
using the data from the Vimos-VLT Deep Survey (VVDS), is 
~55% for the wide sample (Tab < 22.5) and ~66% for the deep 
one (Iab < 24.0). The lower percentages in the VVDS sample 
are not surprising. Given the lower resolution of VVDS spectra 
compared to zCOSMOS, there are more difficulties in deblend- 
ing the Ha and [N n] lines and this is particularly true for objects 
where these two lines have similar fluxes, as LINERs. 



3.2. Selection at 0.50 <z< 0.92 

In this redshi ft range, we used the diagnostic diagram originally 
proposed by iRola et all d 1997b and later analyzed in detail by 
lLamareille etail d2004 . i.e., [Om]i5007A/H/3 versus [OnJ/HjS 
(hereafter [Oii]/Hj8). The separation in this diagnostic diagram 
was derived empirically, on the basis of the 2dFGRS data, by 
studying the position in this diagram of AGN and star-forming 
galaxies for which a previous classification based on the standard 
red diagrams was available. The analytical expression defined 
in terms of EW for the demarcation curves between starburst 
galaxies and AGN is 



/EW([Om]) 
log I 



0.14 



EW(H/J) / log (EW([0 n])/EW(HyS)) - 1 .45 



+ 0.83(3) 
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Analyzed sample = 3081 galaxies satisfying the criteria S/N([Om])>5 & S/N(oth)>2.5 





0.15 <;< 0.45 




0.50 < z < 0.92 












N=1461 




N=1620 








class 


[N n]/Ha only 


[S n]/Ha only 


both 


[On]/Hp 


TOT 


X-ray det. 


X-ray fraction 


Sey-2 


24(6) 


4 


3(1) 


32(6) 


63 


13 


20% 


LINER 


70(3) 


17 


10(1) 




97 


4 


4% 


Sey-2 cand 








53(6) 


53 


6 


11.3% 


SFG 


603 (6) 


163 


567(6) 


1398(25) 


2731 


37 


1.3% 


SFG cand 








137(6) 


137 


6 


4.4% 



Table 1. For each class of objects, the table shows the number of objects selected according to the different diagnostic diagrams 
([Nii]/Ha, [Sii]/Hq', and [On]/H/3) and the fraction of them showing X-ray emission (numbers in parenthesis). The last three 
columns instead show the total numbers and the number and fraction of X-ray detected objects for each class. 
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Figure 4. [0.5 < z < 0.92]: log([Oiii]/H/3) versus logfJO n]/H0) 
([OffJ/H/3 diagram). The solid lin e shows the dem a rcatio n be- 
tween SFG and AGN defined by lLamareille et al.l (120041) and 
used in this work. Moreover, the dashed lines define an inter- 
mediate region close to the demarcation line where intermediate 
objects, i.e., candidate Seyfert-2 and candidate SFGs, are ex- 
pected to be found. Red circles correspond to objects classified 
as Sey-2 and green circles to SFG. Cyan circles and magenta 
circles are candidate Sey-2 and candidate SFG, respectively. A 
typical errorbar for SFG and AGN is also shown. 



This diagram allows us to distinguish between Seyfert- 
2 galaxies and star-f orming galaxies. Moreover, following 
lLamareille et al.l (120041) it is also possible to define an interme- 
diate region close to the demarcation line (dashed lines in Fig. 

Intermediate objects, i.e., candidate Seyfert-2 and candidate 
SFGs, are expected to lie in this region. 

Since this diagram uses the ratio of two lines that are not 
close in wavelength, it is sensitive to reddening effects. The use 
of EWs instead of fluxes removes a direct dependence on redden- 
ing. However, since the reddening affects in a different way the 
emission lines and the underlying stellar continuum, it influences 
the ratio [On]/Hj8 dCalzetti et all 11994 . The final type-2 AGN 
sample extracted in this redshift range consists of 85 sources out 
of a total sample of 1620 sources that satisfy our selection cri- 



teria. Thirty-two of them are classified as Seyfert-2, and 53 as 
candidate Seyfert-2 galaxies (see TableQJ. 

3.3. The final type-2 AGN sample 

Summarizing, our final type-2 AGN sample consists of 213 ob- 
jects out of a total sample of 3081 galaxies with S/N([Om])>5 
and S/N(oth)>2.5 in the redshift ranges 0.15< z <0.45 and 
0.5< z <0.92. Star-forming galaxies, which lie below the curves, 
represent ~ 93% of the sample, while type-2 AGN constitute 
only ~ 7% of the studied sample. In particular, 63 of the AGN are 
Sey-2, 53 are Sey-2 candidates (they lie in an intermediate re- 
gion in the [O n]/H/3 diagram), and 97 are LINERs selected from 
the [Nn]/Hor and [S ii]/Ha' diagrams. No LINERs were selected 
from the [O n]/Hj3 diagram. We discuss the number of possible 
LINERs missed in this diagram in Section|5] Given the luminos- 
ity range covered by our sample, contamination from narrow- 
line Sey-1 is expe cted to be of the order of few percent (see e.g., 
IZhouet al.Ll2006h . 

Figures [3] and |4] show the position of sources in the three di- 
agnostic diagrams used to classify them. Table [TJ indicates the 
number of objects selected from each diagram, while the full 
catalog, containing position, redshift, Iab magnitude, [O in] lu- 
minosity, and classification, can be found in Table lA.fi 



4. Comparison with other optical surveys 

As discussed above, type-2 AGN have similar spectral continua 
to normal star-forming galaxies and hence their optical selec- 
tion is challenging. The zCOSMOS spectra allowed us to select 
a sample (see Fig. |5j that spans a wide range in both redshift 
(0.15< z <0.92) and luminosity (1O 5 5 L < L [0 m] < 10 9 l L Q ). 

The only other sample that spans a comparable redshift 
range is selected in a very similar way from t he Sloan Digital 
Sky S urvey (SDSS) Data Release 1 (DR1) by IZakamska et al.l 
d2003l) . Their sample consists of 291 type-2 AGN at 0.3< 
z <0.83 (the redshift range chosen to ensure that the 
[Om]/15007A line is present in all spectra). However, as shown 
in Fig. [5J this sample is significantly brighter than the zCOS- 
MOS sample, spanning the luminosity range 1O 73 L < L[omj < 
1O 1O1 L . 

From a three times larger SDSS catalog, combining differ- 
ent selection methods, R08 derived the luminosity function of a 
larger sample of type-2 AGN (887 objects within ~ 6293 deg 2 ) 
with z< 0.83 and a higher lower limit to its [Om] luminosity 
(10 8 3 L o < L [OIII 1 < 10 10 L o ) than the original SDSS sample from 
IZakamska et al.l (120031) . With almost the same redshift range as 
the zCOSMOS sample, but at brighter luminosities, the SDSS 
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Figure 6. As in Figs. 0a) and|U but now showing the positions of X-ray detected sources. Open and filled symbols correspond to 
different X-ray luminosities (open for L A < 10 42 erg s , and filled for L v > 10 42 erg s ). The two dashed lines in the same panel 
mark the preferred region occupied by X-ray detected objects. 




0.2 0.4 0.6 0.8 1 
redshift 



Figure 5. Redshift and [Om] luminosity distribution of the 
zCOSMOS type-2 AG N sample (black) compa red to the SDSS 
sample (red) selected by Za kamska et al.l (120031) . While the red- 
shift ranges are very similar, the luminosity ranges covered by 
the two samples are complementary. 



sample of R08 complements our sample constraining the bright 
end of the luminosity function (see Fig.[9]and Sect. [7J. 



5. Comparison with the X-ray sample 

Of our total analyzed sample, 66/3081 galaxies (2.1%) have 
an X-ray counte rpart (XMM catalog, ICappelluti et all 120091 
iBrusa et aT1l2007l Brusa et al., in prep.). Twenty-three of them 
are optically classified as AGN, while 43 of them are classified 
as SFG (see Table Q}. 

In Fig. [6] we show the two main diagnostic diagrams 
([N n]/Ha and [O n]fH/3), where X-ray sources are indicated with 
different symbols depending on their X-ray luminosity: open for 
Lp-iojkev < 10 42 erg s _1 and filled for L [2 -io]keV > 10 42 erg s" 1 , 
which is the classic al limit taken to define a source as an AGN 
dMoran et al.lll999l) . 

The standard red diagnostic diagram (low redshift, panel (a)) 
broadly agrees with the X-ray classification. All X-ray sources 
with L x < 10 42 erg s _1 (6 objects) are in the SFG locus, while 
most ( 1 1 sources) of the luminous X-ray sources are indeed in 
the AGN locus. There are 5 sources in the SFG region of the 
[N ii]/Hq' diagram with L x > 10 42 erg s . Two of them lie close 
to the division line and can indeed be explained by consider- 
ing the errors in the EW line measurements. M oreover, these 
two sources lie above the iKauffmann et al.l d2003l) division line, 
where composite (SF+AGN) obje cts are expected to be. T wo 
more objects are just on top of the IKauffmann et all d2003l) di- 
vision line and the remaining object is located fully in the SF 
region. Closer examination of the spectra of the latter three ob- 
jects confirms their optical classification as SF galaxies and does 
not reveal any feature characteristic of AGN that would explain 
their high X-ray emission. We can conclude that in the red diag- 
nostic diagrams the optical and the X-ray classification agree at 
the (75-85)% level: 18-20 sources out of 23 have the same clas- 
sification, four are border-line cases and one object is clearly 
misclassified. 

In the [O n]/Hp diagnostic diagram, in contrast, the situation 
is far less clear. In particular, we found that 31 out of 43 (72%) 
X-ray sources with L2-iokeV > 10 42 erg s fall in the region of 
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star-forming galaxies. Moreover, the position of most of them 
and of almost all the brightest sources (L x > 10 43 erg s _1 ) ap- 
pears to be restricted to a clearly defined strip that is different 
from the area where most of the star-forming galaxies are found. 
This is shown in panel (b) of Fig. |6l where the two dashed lines 
indicate the particular strip of the SFG region where most of the 
X-ray objects are found. In the redshift range covered by the 
[On]/H/3 diagram, there are no sources at Lx< 10 42 erg s _I due 
to the flux limit of the X-ray observations. 

Figure |7] (upper panel) shows the composite spectra of SFGs 
lying in the "strip" with detected X-ray emission (red line) and 
without X-ray signature (black line). While the line ratios of the 
two composite spectra are indeed very similar, hence their lo- 
cation in the same region of the diagnostic diagram, important 
differences should be noted. Firstly, the X-ray sources have far 
weaker emission lines than the non X-ray sources (top panel). 
Secondly, the normalized representation in the lower panel in- 
dicates that the X-ray sources have a significantly redder con- 
tinuum which can be interpreted as an older stellar population 
in the host galaxy and/or as possible dust extinction on galactic 
scales. 

However, the composite spectrum of the SFGs with X-ray 
emission has very similar properties, in the common spectral 
range, to the composite obtained from the sample of LINERs 
(green line) selected at low redshift using the BPT diagrams. 
As shown in Fig. [3 they have very similar lines intensities (up- 
per panel) and continuum shape (lower panel). Given these sim- 
ilarities, our interpretation is that many of these X-ray emitting 
sources in the SFG region could be misclassified LINERs. This 
is unsurprising given the selection within the [O ii]/H/? diagram, 
which corresponds to a nearly flat cut in [Om]/Hj6, given the 
range of [On]/H/? probed by our sample. Applying a similar flat 
cut ([Oin]/Hy6>6) to the l ow-z sample, we w ould have failed to 
identify LINERs (see also lLamareillell2009l) . 

However, there is a second hypothesis that we should con- 
sider. These X-ray sources in the SFG region could also be com- 
posite AGN/SF objects in which star formation and AGN ac- 
tivity coexist, as expected in the current framework of galaxy- 
AGN co-evolution models. This second hypothesis is consistent 
with model predict ions of the source pos ition in the optical di- 
agnostic diagrams. IStasiriska et al.l d2006l) showed that while in 
the [N ii]/Hq- diagram the separation line between AGN and SF 
is clearly defined in terms of the minimum AGN fraction, in the 
[O n]/Hj6 diagram galaxies with a moderate AGN fraction still 
lie in the star-forming locus. Hence, using this diagram objects 
will be observationally classified as AGN only when the AGN 
contribution is high. Based on these theoretical models, the exis- 
tence of composite objects in the hashed region of the [O n]/H/3 
diagram is plausible. 

New IR spectroscopic observations have been obtained with 
SofI, the infrared spectrograph and imaging camera on the NTT, 
for a larger sample of objects with the same pro perties based 
also on COSMOS-Chandra data dElvis et al.ll2009L Civano et al., 
in prep). The IR spectra combined with the multi-wavelength in- 
formation available in COSMOS will allow us to ascertain more 
accurately the true nature of these objects. A more detailed dis- 
cussion of these data will be presented in a forthcoming paper. 

For the purposes of this paper, we decided not to include 
these sources (i.e. X-ray detected, but optically classified SFG) 
in our AGN sample. Given the observationally well known dif- 
ferenc es between the X-ray properties and the optical spectral 
types dTrouiile et al.L l2009t) a mixed classification scheme can 
complicate the interpretation. 
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Figure 7. Composite spectrum of X-ray sources optically classi- 
fied as star-forming galaxies (red line) compared to the compos- 
ite obtained with all the sources that are not X-ray emitting in 
the same strip of the star-forming region (black line) and to the 
composite obtained from the LINER sample selected at low red- 
shift with the BPT diagrams (green line). The lower panel shows 
the three spectra normalized in the wavelength range around the 
[Om] line. The comparison between the red and the black line 
highlights different emission-line strengths (upper panel) and a 
redder continuum of the X-ray emitters (lower panel), suggest- 
ing an older stellar population component as well as possible 
dust extinction on galactic scales. In contrast, the X-ray emitting 
SFG show properties very similar to the LINER composite (red 
and green line) in terms of line intensities and continuum shape. 



6. Luminosity function 

To study the evolution of type-2 AGN, we derived the luminos- 
ity function, which describes the number of AGN per unit vol- 
ume and unit luminosity in our sample. Since the optical contin- 
uum of type-2 AGN is dominated by the host galaxy, to sample 
and study only the AGN we have to rely on the luminosity de- 
rived from the emission lines connected to the ionizing source 
(the AGN in the core). We decided to use the [Om] emission- 
line because (1) the contamination from star formation is small 
for this line and thus its luminosity reflects the true AGN con - 
tribution more accurately than any other line dHao et all I2005al) . 
and (2) the [O ra] line is by construction present in all our spectra 
We derived the [Om] luminosities from the emission- 
line fluxes measured b y the automatic pipeline platefit_vimos 
dLamareiile et al] [20091: Lamareille et al., in prep). We did not 
correct the [Om] flux for aperture effects. This correction would 
take into account the fraction of light of a given source that was 
missed because of the finite width of the slits in the VIMOS 
masks (1 arcsec). This factor is close to 1 (corresponding to no 
correction) for stars and increases towards more extended ob- 
jects. For our sample of host galaxies of type-2 AGN, the cor- 
rection factor for the continuum ranges between 1 and 3 with 
an average value of 2.2. However, if our AGN classification for 
these objects is correct, most of the [O m] luminosity is produced 
in the AGN narrow-line region ( which has a characteristic scale 
of 2- 10 kpc: lBennert et al.120021) and should therefore be treated 
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as a compact source. For this reason, we did not apply any slit- 
loss correction to the observed [O ra] fluxes. 

6.1. Incompleteness function 

To study the statistical properties of type-2 AGN, we first need 
to derive the total number of type-2 AGN in the field and we 
therefore need to correct our sample for the fraction of objects 
that are not included because of selection effects. In particu- 
lar, we correct for the sources that were not observed spectro- 
scopically (target sampling rate, hereafter TSR) and for those 
that were not identified from their spectra (spectroscopic suc- 
cess rate, hereafter SSR). In particular, the TSR is the fraction 
of sources observed in the spectroscopic survey compared to the 
total number of objects in the parent photometric catalogue. As a 
general strategy, sources are selected randomly without any bias. 
However, some particular object (e.g., X-ray and radio sources) 
are designated compulsory targets, i.e., objects upon which slit 
must be positioned. The TSR in the latter case is much higher 
(~ 87%) than for the random sample (~ 36%). The SSR is the 
fraction of spectroscopically targeted objects for which a secure 
spectroscopic identification was obtained. It is computed to be 
the ratio of the number of objects with measured redshifts to 
the total number of spectra and ranges from 97.5% to 82% as a 
function of apparent magnitude. Therefore, the incompleteness 
function consists of two terms linked to (a) the selection algo- 
rithm used to design the masks and (b) the quality of the spec- 
tra, respectively. The correction is performed using a statistical 
weight associated with each galaxy that has a secure redshift 
measurement. This weight is the product of the inverse of the 
TSR ( w t sr =1/TSR) a nd of the SSR (w SSR =l/SSR) and was de- 
rived bv lZuccaet al](l2009l see also lBolzonella et al.ll2009h for 
all objects with secure spectroscopic redshifts, taking into ac- 
count the compulsory objectfl 

6.2. 1 A/max luminosity function 

We derive the binned representati on of the lumin osity function 
using the usual 1/V max estimator CSc hmidtt 1 1968b . which gives 
the space-density contribution of individual objects. The 1/V ma x 
method considers for each object i the comoving volume (V max ) 
within which the i th object would still be included in the sample. 
To calculate V max , we thus need to consider how each object has 
been selected to be in our final sample of 213 sources. 

The zCOSMOS type-2 AGN sample was derived from a 
magnitude-limited sample after applying a cut to the S/N ratio of 
the appropriate emission lines in the diagnostic diagram adopted. 
The V max of each object is thus linked to the maximum apparent 
magnitude as well as the minimum flux of the involved lines. 

While the maximum magnitude is the same for all the objects 
(by definition for the zCOSMOS bright sample I A b <22.5), the 
definition of the minimum flux of the lines differs for each object 
depending on the continuum level. 

Following the procedure described bv lMignoli et al. 1 (120091) . 
for each object we estimate the emission-line detection limit 
considering the S/N in the continuum adjacent to the line and 
assuming the cut applied to the S/N of the line. Figure [8] shows, 
as an example, the result of this procedure for the [O m]/l5007A 
line. In this plot, we show the observed [Om] EW as a func- 
tion of the continuum S/N for both the entire emission-line sam- 
ple (black triangles) and the type-2 AGN sample (red circles). 
The solid line represents the cut to the S/N of the [Oiii] line 
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Figure 8. Observed EWs of the [O in] emission line versus the 
signal-to-noise ratio of the continuum close to the line. Black 
triangles correspond to the emission-line sample with measured 
[Oiii] S/N>5, while red circles highlight the type-2 AGN sam- 
ple. The lower envelope represents the cut in S/N of the line 
(S/N[oni] >5) and gives the minimum EW detectable given the 
S/N of the continuum. The green arrow traces, as an example, 
the position of a given object in this plane for increasing red- 
shift. The z max (fij), used to compute the V max (fi,i), corresponds 
to the point at which the source reaches the solid line. 
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0.15 < j 
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10 


-3.42 


+0.12 
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-0.76 


7.60 
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-4.95 


+0.52 
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0.30 < z 
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+0.20 


-0.37 


5.93 


6.43 
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+0.07 
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6.93 


34 


-3.27 
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17 


-3.66 
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-4.77 
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9.32 
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Table 2. Binned log<I>([Oiii]) luminosity function estimates for 
Q m =0.3, n A =0.7, and H =70 km ■ s 1 ■ Mpc" 1 . We list the values 
of log <J> and the corresponding 1 cr errors in three redshift ranges, 
as plotted with full circles in Fig.[9]and in Alog(L[om][L ])=O.5 
luminosity bins. We also list the number of AGN contributing to 
the luminosity function estimate in each bin. 



S/N([OIII]) = 5 




1 In the selected type-2 AGN sample, 17 sources were compulsory. 
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(S/N[omj >5) and indicates the minimum EW detectable given 
the S/N of the continuum. In this plane, sources move diagonally 
(left and upwards) towards the solid line going to higher redshift, 
since the observed EW of the line increases with redshift as the 
continuum signal decreases. The green arrow in Fig. [8] traces, 
as an example, the evolution with redshift of the position of a 
given object in this plane. At a given redshift z=z max , the source 
reaches the minimum S/N detectable and thus the same object 
at z>z max would not have been included in our sample because 
of the cut applied to the S/N of the [Oin] line. This procedure 
allows us to compute for each object the W max relative to a given 
line as the volume enclosed between z=0 (or z=z m ,„) and the 
derived z max . 

The same procedure was repeated for all the emission lines 
/ used in the selection (the line S/N cut is 5 for [Om] but 2.5 
for all the other lines) resulting, for each object, in a number of 
Vmax(fi,i), each corresponding to a different line. 

Finally, the maximum volume for each object i was esti- 
mated to be the minimum between the volume V mfl . t (m,) asso- 
ciated with the maximum apparent magnitude and the volumes 
V,„ax(fi,i) associated with the minimum flux of the used lines. 

The luminosity function for each redshift bin (z — Az/2 ; z + 
Az/2) is thus computed to be 



0(L) = 



1 



Z 



w TSR w SSR 



A log L ^ min[V max (mi), V max (f u )] ' 



(4) 



where wJ SR and w^ SR are the statistical weights d escribed above. 
The st atistical uncertainty in <t>(L) is given by iMarshall et al.l 
(fl983h 



Z 



(w TSR w SSR ) 2 

^ i \ ' 



AlogL \ If min[V max ( mi ), V max (f u )] 2 



(5) 



The resulting luminosity functions in different redshift ranges 
are shown in Fig. [9] while the details for each bin are presented 
in Table |21 



7. Results 

Figure [9] shows our LF data points (black circles) and, for com- 
parison, the binned luminosity function derived from the SDSS 
sample of type-2 AGN (blue diamonds) in the same redshift 
range from R08. The last redshift bin of this figure corresponds 
to the redshift range spanned by the [O n]/H/3 diagnostic diagram 
that, as discussed in Sect. [5] may be affected by a more signifi- 
cant incompleteness, which is considered below. 

As already pointed out, the SDSS sample is complementary 
in terms of [O m] luminosity to the zCOSMOS sample and spans 
a similar redshift range. Thus, combining the two samples allows 
us to constrain the luminosity function over a wide luminosity 
range. As can be seen in Fig.|9j for at least the first two bins the 
two data sets are in good agreement, with the zCOSMOS points 
connecting smoothly to the bright SDSS data points. 

In Fig. [9] it is also shown (pink squares) as comparison 
the X-ray luminosity function data (Miyaji et al., in prep) 
derived in the same fi eld using the XMM-COSMOS sources 
dCappelluti et all 120091) with optical identifications by Brusa et 
al. (in prep). The XMM-COSMOS LF data points were con- 
verted from X-ray [2-10]keV to [Om] luminosities by apply- 
ing the luminosity depend ent relation (log(LrQ rni/L2 io) = 16.5 
- 0.42 logL 2 -io) derived bv lNetzer efatl (12006 



The XMM-COSMOS LF overlaps with our luminosity range 
and is in very good agreement with our LF data points show- 
ing, in some of the bins, a higher density. This is not surprising 
since the X-ray LF refers to the entire AGN population (obscured 
and unobscured), while our LF considers only obscured sources. 
However, a one-to-one correspondence between X-ray and op- 
tical classification does not hold since these bands select differ- 
ent po pulations, with e.g., X- ray surveys missing Compton thick 
AGN ( La Massa etafl 120091) . 

For all redshift bins, the faintest part (first data points) of our 
LF evidently declines. This is an artifact related to the selection 
of the zCOSMOS sample, which is based on broad-band mag- 
nitude (Iab <22.5). This implies that a fraction of objects that 
would fulfill our [O m] based cuts, are too faint in the Iab band 
to be included in the zCOSMOS sample. These objects never 
enter the sample, even at the minimum redshift, so they cannot 
be corrected. Since intrinsically faint objects tend to be fainter 
in [Om], the fraction of missed type-2 AGN is thus higher in 
the lowest [Om] luminosity bins. The onset of significant in- 
completeness can be approximately estimated by the following 
back-of-the-envelope calculation. We convert from the limiting 
apparent I-band magnitude (Iab < 22.5) to an absolute magni- 
tude at the upper bound of the redshift bin. Using the median 
EW in the redshift bin, we then estimate the absolute [O m] lu- 
minosity at which about half of the objects at this redshift should 
be missing. Applying this to our data set, we found good con- 
sistency between the estimated onset of incompleteness and the 
position at which the LF begins to turn over. In particular, we 
found that the approximate [Om] luminosities where significant 
incompleteness is expected are ~ 9xl0 5 L Q , ~ 2xl0 6 L Q , and ~ 
10 8 L for z = 0.3, 0.45, and 0.92, respectively (first, second, and 
third redshift bin). The incomplete bins will not be taken into ac- 
count in the computation of the model to describe the [O in] LF 
and its evolution in Sect. 17.11 

On the other hand, the possible absence in our AGN sample 
of misclassified LINERs in the [O n]/H/3 diagram would affect 
the LF only in the last redshift bins. If most of the 31 X-ray de- 
tected sources located in the region of star-forming galaxies in 
the [O n]/Hy6 diagram are indeed AGN (see Sect. |5), assuming 
that the fraction of X-ray detections for them is similar to that of 
Sey-2 galaxies (from 10% to 20%; see TableQ}, we can estimate 
that the total number of misclassified objects in the star-forming 
region of this diagram is (5- 10)x31 ~ 150 - 300 i.e., ~ 5 - 10% 
of all objects. Considering the distribution in [Om] luminosi- 
ties of the X-ray detected sources possibly misclassified AGN 
(L[oni] ~3xl0 6 -5xl0 7 L Q ), and adding these sources to the 
corresponding affected luminosity bins, we find that the number 
density could increase by more than one order of magnitude in 
the first bin and about half in the second. 

Finally, we note that extinction could affect the whole LF 
shape and/or normalization shifting the data points towards 
fainter luminosities. The [Om] line is expected to be affected 
by dust extinction, located either within the narrow-line region 
itself or in the intervening interstellar matter of the host galaxy. 
Since the quality of the zCOSMOS spectra does not always al- 
low a reliable estimate of extinction on an object-by-object ba- 
sis, we decided not to apply any dust extinction correction to our 
[Om] luminosities. However, we found that the Ha/H/? ratios 
measured on the composite spectra of Sey-2 and LINERs are 
~2.55 and ~2.45 respectively, consistent inside the errors with 
no extinction. 

The green line in all of our bins corresp onds to the LF de - 
rived from the local SDSS sample (z < 0.15: lHao etafl l2005al) . 
As can be seen, in the first redshift bin the zCOSMOS and the 
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Figure 9. Binned [Om] line luminosity function of the zCOSMOS type-2 AGN (black circles) derived in the redshift bins 0.15< 
z <0.3, 0.3< z <0.45, and 0.45< z <0.92, compared to the SDSS (R08) type-2 (blue diamonds) AGN data. Pink squares show the 
[2-10keV ] LF derived for the entire (obscured and unobscured) XMM-COSMOS AGN sample and converted to [O in] luminosities 
using the iNetzer et al.l (120061) relation. The curves in the figure show LF models derived by other authors. Dot-dashe d and dashed 
lines show the local (z=0) LF derived from an optically selected sample (green dot-dashed line; lHao et all [2005ah and from an 
X-ray selected sample (red dashed line; DC08), respectively. Moreover, in each panel the LF model from DC08 evolved to the mean 
redshift of the bin is reported wit h a solid red line . The X -ray LF from DC08 was converted to a [O in] LF using the mean [O m] to 
X-ray luminosity ratio derived bv lMulchaev et al.l (11994 (L [O m][L ] 3.907 x 10 6 L x [10 42 ]). 



SDSS data points are in good agreement with the fit to the lo- 
cal LF model suggesting that no detectable evolution occurs be- 
tween z~0 and z~0.22. 

In contrast, in the second redshift bin, an evolutionary trend 
is clear and the combined zCOSMOS-SDSS d ata points seem to 
follow the same evolutionary model found by iDella Ceca et al.l 
J2008L hereafter DC08) using an X-ray selected sample of ob- 
scured AGN from the XMM-Newton hard bright serendipitous 
sample (HBSS) with spectroscopic identification. In this work, 
DC08 attempted to fit a luminosity-dependent density evolution 
(LDDE) model similar to and consistent with previous work 



(lHasinger et al .L 12005b fLa Franca etaill2005h . We overplot their 
local (z=0) and evolved LF appropriately transformed into our 
figure as dashed and solid red lines, respectively. As shown in the 
figure, the zCOSMOS-SDSS data points in the second redshift 
bin, lie along the solid line and indeed follows a similar trend. 
For this curve, the conversion from X-ray to [O in] luminosities 
was performed by assuming the mean L[onn/Lf2-iofcv — 0.015 



ratio for Seyfert galaxies obtained by iMulchaev et al. (1 19941) 



(fully consistent with the value reported in lHeckman et al .1 120051 



for the unobscured view of Seyfert galaxies , Lromi/Lq- i gfey - 
0.017). The luminosity dependency of the INetzer et al.l (120061) 
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Figure 10. Binned [Om] line luminosity function of zCOSMOS (black circles) and SDSS (blue diamonds) type-2 AGN samples. 
Open symbols show incomplete bins (see Sect. |7j which were not used to derive the model fits. The black curve in the figure shows 
the LF best fit model (LDDE) derived considering the combined zCOSMOS-SDSS data shown here. In each panel, the z=0 model 
is also reported as reference (dashed line). 



relation would cause a discrepancy with our data points, espe- 
cially at the bright end. However, since this relation was derived 
for a more limited [O m] luminosity range, its application to our 
objects with the highest [O in] luminosity would correspond to 
an extrapolation of the relation beyond the original data range. 

At higher redshift (z~0.7), the agreement is no longer as 
good as in the other two bins, but (see Sect. |5]l in this red- 
shift range the optical and the X-ray selections do not sample 
the same population and a direct comparison between them is 
thus not possible. The SDSS LF data points in this redshift bin 
also show a significant incompleteness: R08 highlighted that 
because of different selection biases, their highest quality data 
at high redshift (0.50< z <0.83) correspond to high luminosi- 
ties (L[oni] >10 9 5 L Q ). Our data points, compared to the X-ray 
model, show an excess of sources at high luminosities, while at 



low luminosities our data are probably affected by the incom- 
pleteness described above. However, our three central LF data 
points support the trend seen for the previous bin, showing an 
evolution consistent with the LDDE model from DC08. 

7.1. Model fitting 

Given the wide luminosity range spanned by placing zCOSMOS 
and SDSS data together, we tried to derive a model to describe 
the [O in] LF and its evolution. 

In the computation of the model fit, we did not consider the 
luminosity bins (in both SDSS and zCOSMOS sample) that are 
likely to be incomplete (see Sect. |7). They are shown as open 
symbols in Fig.flOl 

To be sure that the model fit is not strongly influenced by the 
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last redshift bin, which may be highly incomplete, we computed 
the model fits presented below first by not including the data 
in this redshift bin, and then considering them, and we found 
that the resulting parameters agree to within the statistical er- 
rors. The results reported below correspond to the entire redshift 
range (0.15< z <0.92). 

For all analyzed models, we parameterized the luminosity 
function as a double power-law given by 



1><X,z) 



(L/L*y l +(L/L*y 2 ' 



(6) 



where <&* L is the characteristic AGN density in Mpc , L* is the 
characteristic luminosity, and yl and y2 are the two power-law 
indices. 

After attempting different model fits (i.e., pure luminosity 
evolution (PLE), pure density evolution (PDE), or a combination 
of luminosity and density evolution), we assumed a luminosity- 
dependent density evolu tion model ( LDDE ) with the parame- 
terization introduced by lUeda eTa l. (2003). From X-ray stud- 
ies, it is now well established that a LDDE model provides 



Hasinser et al. , 


20051 Ueda et al., 20031 La Franca et al.L 


Silverman et al. 


, 20081 Ebrero et al.L 20091). and this is 



AGN 
12001 

the case also in the op tical domain for at least type-1 AGN 
hereafter B07). We can describe the LF 
as a function of redshift with 



dBongiorno et al.L 12007 



0>(L,z) = <D(L,0)-e(z,L), 
where 

eu ' L) \ e(zc, L)[(l + z)/(l + z c )F 2 (z > zo) 



along with 



Zc(L) = 



Z c ,0 (L > L a ) 

z c ,o(L/L a ) a (L < L a ) 



(7) 



(8) 



(9) 



where z c corresponds to the redshift at which the evolution 
changes. We note that in this representation z c is not constant but 
depends on luminosity. This dependence allows different types 
of evolution to occur at different luminosities and can indeed 
reproduce the differential AGN evolution as a function of lumi- 
nosity, thus modifying the shape of the luminosity function as a 
function of redshift. 

Given the small redshift range covered by the data, we are 
unable to fully constrain the evolution. For this reason, we fixed 
the evolutionary parameters (pi, p2, a, z c o, L ) and used the^ 2 
minimization method to derive the normalization <S>* L , tne char- 
acteristic luminosity L*, and the bright and faint end slopes of 
the LF (yl and y2). 

The evolution parameters were fixed using the re- 
sults obtained by DC08, appropriately converted to [Om] 
luminosity and our cosmology. By fixing pi =6.5, p2=- 
1.15, L fl =8.15xl0 43 erg s"\ z Cj0 =2.49 and a=0.2, we ob- 
tained the best-fit model parameters y 1=0.56, y2=2.42, and 
L*=2.7xl0 41 erg s -1 with the normalization <£* = 1.08xl0~ 5 
Mpc -3 . 

The representation of this best-fit model is shown as a solid 
line in Fig. [TUJ where all the data used in the derivation of the 
model are shown as filled symbols. The dashed line in each panel 
represents the best-fit model at z=0. 



This model represents reasonably well the data points repro- 
ducing the shape of the LF in the first two redshift bins, with a 
slight underestimation of the bright-end SDSS data points. The 
last bin is not well fitted. In this redshift bin, the LF data points 
show an excess in the bright part of the LF. A possible bias could 
in principle be due to a higher mean redshift of the bright objects 
with respect to the central redshift of the bin due to the increas- 
ing space density of AGN with redshift. However, we tend to 
exclude this possibility because the four objects in the most de- 
viant data point at the bright end of the LF have a mean redshift 
of z~0.67 and are hence very close to the central redshift of the 
bin. Upcoming larger samples (e.g., the 20kzCOSMOS sample) 
will provide superior data statistics and hence an improved con- 
straining power. 

7.2. Type-2 AGN fraction 

One of the most important open issues regarding absorbed AGN 
is understanding their relevance amongst the AGN population 
and if there is a dependence of the fraction of absorbed AGN on 
either luminosity and/or redshift. 

We computed the type-2 AGN fraction, i.e., the ratio of 
type-2 to total (type-1 + type-2) AGN, using the derived num- 
ber densities for the type-2 AGN sample. In the analyzed red- 
shift range (0.15< z <0.92), direct [Om] LF measurements for 
type-1 AGN are available only at 10 83 L < L [0 m] < 10 10 L 
(SDSS; R08). The zCOSMOS type-2 AGN luminosity regime 
remains thus mostly uncovered by data. To constrain also this 
luminosity range, we have converted the optical broad-band Mb 
LF derived by B07 for type-1 AGN to a [Om] LF. The B-band 
LF computed by B07 ranges from Mb = -20 to Mb = -26 thus 
probing the [Om] luminosity interval from ~ 10 72 L Q to ~ 10 95 
L (see Eq.fTOli. 

To do this, following the same approach used by R08, we 
used the mean Ljohij-Mb relation and its scatter cr. The [Om] 
luminosity is not a perfect tracer of bolometric luminosity and 
there is indeed substantial sca tter between [O mj and continuum 
luminosity for type 1 quasars dNetzer et al .1 12006, R08). We thus 
considered the scatter cr around the mean L[oih]-Mb relation and 
convolved this with the broad-band LF. We assumed a relation 
between Lpm] and Mb derived for the SDSS type-1 sample by 
R08 and converted from a rest-frame wavelength of 2500 A to 
the B-band by adding O.fl thus obtaining 



log 



40 iii] 



= -0.38Mb - 0.42 



(10) 



with a scatter in L[o nrj at fixed continuum luminosity that is con- 
sistent with a log-normal scatter of width cr=0.36 dex. 

By convolving the broad-band LF with the mean L[ohi]-Mb 
relation with its log-normal scatter (see Eq. (12) of R08), we 
obtain the [Om] LF model for type-1 AGN, which is shown 
as an orange line in the three upper panels of Fig. Q~T] where 
additionally the SDSS type-1 AGN [Om] LF data points (de- 
rived directly from [O m] luminosities; R08) are shown as orange 
squares. 

By comparing this to the [O m] LF model derived in the pre- 
vious section for type-2 AGN (black line in the same panels), we 
can directly estimate the type-2 AGN fraction in the three red- 
shift bins. This is shown as a solid black line in the lower panels 



2 Assuming the typical spectrum of type-1 AGN, 0.2 is the aver- 
age color between the rest-frame wavelength of 2500A and 4400A (B- 
band). 
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Figure 11. Upper panels: Binned [O in] LF of type-2 AGN (black circles for zCOSMOS and blue diamonds for SDSS) and type-1 
AGN (orange squares; R08); open symbols show incomplete bins not used to derive the model fit. The curves represent the LF model 
fit: black for the type-2 AGN model as derived in Sect. 17. 11 while orange for the VVDS type-1 AGN sample (B07) appropriately 
converted from broad-band luminosity to [O in] (see text). Lower panels: Fraction of type-2 AGN to the total type-1 + type-2 AGN 
population. Data points (black circles for zCOSMOS and blue diamonds for SDSS) are derived using the LF data points, while the 
black line is the resulting fraction considering the LF model fi t for type-1 and type-2 AGN. As a comparison, in the first redshift 
bin, the fraction of obscured AGN derived by [Sim pson! (120051) is o verplotted with magenta squares. Finally, th e dot-dashed green 
line is the linear fit to the type-2 fraction found bv lHasingen (120081) and converted using fhe lNetzer et al.l (120061) relation. 



of Fig.Qj] We also computed the same quantity by considering 
the data points instead of the models. In particular, for the type- 
2 AGN we used the LF data points, while for the type-1 AGN 
the only data available are from the SDSS (orange squares), and 
thus in the zCOSMOS regime we continued to use the extrap- 
olated model. The result of this second way of computing the 
type-2 AGN fraction, is shown with black circles (zCOSMOS) 
and blue diamonds (SDSS) in the lower panels of Fig. QT| As 
expected, the two methods are in good agreement and consistent 
within the errors, which are however, very large. 



For the 0. 15< z <0.3 bin, we find that the type-2 fraction de- 
creases with luminosity from -65% (zCOSMOS data) to -50% 
(SDSS data) going from L [O m] = 10 6 2 -10 8 2 L to brighter lumi- 
nosities (L[om] = 10 8 2 -10 9 2 L Q ). However, considering the errors 
and taking into account that the fractions derived from SDSS 
have to be considered as lower limits (see R08), the trend is 
also consistent with being constant with luminosity. At higher 
redshift, the trend with luminosities is stronger, clearly show- 
ing a decreasing fraction of type-2 AGN with luminosity. At 
0.3< z <0.45 and 0.5 < z <0.92, the type-2 fraction ranges from 
-80% at LpniplO^-lO^Lo to -25% in the SDSS regime 
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(L[om] = 10 9 -10 9 6 L o ). In contrast, we do not detect any clear 
trend with redshift. At fixed luminosity, e.g., L[orm ~ 10 7 5 L Q , 
the fraction slight increases from 73% to 81% from z~ 0.2 to 
z~0.7. However, within the margins of error this is consistent 
with being constant. 

We note that these results are based on two samples (zCOSMOS 
and SDSS) and that the different selection methods may affect 
the observed trend. From the COSMOS data points alone, the 
type-2 fraction appears to be quite constant with luminosity in 
each redshift bin, although in a more limited luminosity range. 

There has been a substantial amount of work to determine 
the obscured AGN fraction as a function of luminosity and red- 
shift, leading sometim es to contradictory results. In the optical 
band, ISimpsonl d2005l) . using a sample of type-1 AGN [Om] 
selected from the SDSS sample at 0.02< z <0.3, measured a de- 
cline in the type-2 fraction with luminosity. His fractions (rep- 
resented by magenta squares in the first redshift bin) are broadly 
consistent with our (more uncertain) fractions. In the X-ray 
band, where most of the work on this topic has been completed, 
several studies suggest that the fraction of o bscured AGN de 
creases with luminosity and increases with z ( Ueda et all 



Barger et al.L 120051: lLa Franca et all |200H iTreister etal 



2003 



2006; 



Sazonov et al. , 20071;" Hasingerf 20081) . while o ther studies sug- 



gest that it is independent of both L and z dDwellv & Page 
20061), or that it is independent of z but n ot of L dUeda et al. , 
2003MAkvlas et all 120061; iGilli et alll2007l) . 

The comparison of an optical type-2/(type-l+type-2) frac- 
tion with an X-ray obscured/(unobs+obs) fraction is always af- 
fected by limitations and differences related to the AGN clas- 
sification in different bands. For e xample, Compton thic k AGN 
may be missed by X-ray surveys (lLa Massa et all 120091) . while 
the optical selection can fail to select AGN light diluted by their 
host galaxy. Moreover, the redshift range covered by X-ray sam- 
ples usually extends to higher redshift than the optical ones. To 
overcome the difficulties in cl assifying either the optical or the 
X-ray bands, lHasingerl (120081) selected in the 2-10 keV band a 
sample of 1290 obscured AGN by combining both diagnostics. 
From this sample, he found a significant increase in the absorbed 
fraction with redshift and confirmed with higher quality statistics 
that there is a strong decline in the same fraction with X-ray lu- 
minosities. This decline can be described by an almost linear de- 
crease from 80% to 20% in the luminosity range Lx=10 42 -10 46 . 
We show this trend with a dot-dashed green line in Fig.fTTI after 
conver ting the X-ray to [Oni] luminosity using the lNetzer et al.l 
d2006l) relation. 

8. Summary and conclusions 

We have presented the faintest optically selected sample of 
type-2 AGN to date. The sample, selected from the zCOS- 
MOS survey, consists of 213 sources in the redshift range 
0.15 < z <0.92, spanning the [Om] luminosity range 
10 5 5 L o <L[oih] <10 91 L . The only other sam ple at z> 0.15 is 
one se lected in a similar way from the SDSS by Za kamska et all 
d2003l) . which, however, covers significantly brighter luminosi- 
ties (1O"L <L [0 m] <10 101 L Q ). 

Our sample has been selected using the first 10,000 spec- 
tra of the zCOSMOS dataset on the basis of their emission line 
properties. In particular, we used the standard BPT diagrams 
([OiiiI/HjS versus [Nii]/Hq' and [Om]/H/? versus [Sii]/Hq') to 
isolate AGN in the redshift range 0.15< z <0.45 and the more 
recent diagnostic diagram [O ni]/H/3 versus [O n]/Hj6 to extend 
the selection to higher redshift (0.5 < z <0.92), after applying a 
cut to the S/N ratio of the involved lines. 



Cross-checking the zCOSMOS emission-line sample with 
the XMM-COSMOS catalog, we found a significant incomplete- 
ness in the [O n]/Hj6 diagnostic diagram used to select high red- 
shift type-2 AGN (z>0.5). Our hypothesis is that LINERs as 
well as composite AGN/SF sources can be misclassified by this 
diagram. 

For the selected type-2 AGN sample, we computed the 
[Om]/15007A line luminosity function using the 1/V max method. 
The selection function takes into account (and corrects for) the 
sources that were not spectroscopically observed (but were in the 
photometric catalog) and those for which a secure spectroscopic 
identification has not been obtained. The correction is performed 
using a statistical weight associated with each galaxy that has se- 
cure redshift measurement. Since the sample was selected from 
a magnitude-limited sample, applying a criterion based on the 
line fluxes, the maximum volume V max for each object has been 
estimated as the minimum between the volume V max {mi) asso- 
ciated with the maximum apparent magnitude and the volumes 
V m ax(fi,i) associated with the minimum flux of the used lines. We 
have extended the [Om]/15007A LF to luminosities about 2 or- 
ders of magnitude fainter than those previously available (down 
to L [O m] = 10 5 - 5 L o ). 

To enlarge the luminosity range, we combined our faint 
zCOSMOS sample with the sample of bright type-2 AGN from 
the SDSS (R08) and found that the evolutionary model that rep- 
resents the combined luminosity functions most accurately is an 
LDDE model. By fixing the evolutionary parameters (pi, p2, a, 
Zc,o, L fl ) using the results obtained by DC08, we obtained as best- 
fit model parameters yl=0.56, y2=2.42, and L*=2.7xl0 4I erg 
s _1 with the normalization O* = 1.08xl0~ 5 Mpc~ 3 . 

Finally, by comparing the LF for type-2 and type-1 AGN 
(obtained by converting the broad-band LF from the VVDS into 
an [Om] LF), we constrained the type-2 quasar fraction as a 
function of luminosity. We found that the fraction of type-2 
AGN is high at low [Om] luminosities and then decreases at 
higher luminosities, in ag reement with that found from several 
studies in the X-ray band dUeda et all 120031: iBarger et ail 120051: 



ITreister et aiT.l2006HSazonov et al.Ll2007tlGilli et al.Ll2007l) . The 
same decreasing trend with luminosity is found in all individual 
redshift bins, and we found on average a slightly higher fraction 
towards higher redshift (consistent however with being constant 
inside the errors). In particular, we found that at 0. 15< z <0.3 the 
fraction of type-2 AGN decreases with luminosity from ~65% 
to -50%, while at 0.3< z <0.45, and 0.5< z <0.92 the type- 
2 fraction ranges from -80% to ~25%. However, analysis of a 
sample uniformly selected across a wider luminosity range is 
needed to confirm these results, which are derived by combining 
two different samples (zCOSMOS and SDSS). We can not ex- 
clude that the observed trend could still be an artifact produced 
by the different selection functions in the two samples. From 
the COSMOS data points alone, the type-2 fraction seems to be 
quite constant with luminosity. 
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Table A.l. zCOSMOS type-2 AGN. 



Object ID 


002000 


#J2000 


z 


flag w 


Iab 


log(L [0 m]) 


Diag.Diagn. 


Class 


XMM - lD (n> 


803032 


150.76768 


1.63525 


0.622 


23.5 


22.19 


40.94 


[Oll]/HyS 


Sey2 


- 


803488 


150.65017 


1.65705 


0.587 


4.5 


20.43 


42.44 


[Oll]/HyS 


Sey2 


- 


803690 


150.59690 


1.77130 


0.305 


4.5 


22.44 


40.35 


[S iil/Ha 


Sey2 


- 


804921 


150.26019 


1.68284 


0.368 


3.5 


19.75 


40.24 


[Nnl/Ha 


Sey2 


- 


805007 


150.24253 


1.76639 


0.623 


4.5 


20.63 


41.74 


[Oll]/HyS 


Sey2 


104 


805085 


150.22834 


1.76728 


0.350 


3.5 


20.09 


40.55 


[N iil/Ha 


Sey2 


385 


805561 


150.14424 


1.78938 


0.530 


3.5 


20.50 


41.09 


[Oll]/HyS 


Sey2 


- 


806212 


149.98870 


1.63793 


0.776 


4.5 


22.35 


41.85 


[Oll]/HyS 


Sey2 


- 


807990 


149.58416 


1.66021 


0.569 


4.5 


22.44 


41.24 


[Oll]/HyS 


Sey2 


- 


808045 


149.57083 


1.68372 


0.549 


24.5 


21.84 


41.42 


[Oll]/HyS 


Sey2 


- 


809516 


150.64840 


1.81752 


0.357 


4.1 


22.13 


40.84 


[Nn]/Ha 


Sey2 


- 


809527 


150.64657 


1.82997 


0.414 


4.1 


21.93 


40.81 


[Nn]/Ha 


Sey2 


- 


810119 


150.52413 


1.83500 


0.268 


9.5 


22.41 


39.47 


[Nn]/Ha 


Sey2 


- 


810775 


150.39021 


1.91442 


0.844 


4.5 


21.58 


42.52 


[Oll]/HyS 


Sey2 


- 


811278 


150.27067 


1.93005 


0.834 


3.5 


22.42 


41.16 


[Oll]/HyS 


Sey2 


- 


811623 


150.19950 


1.93154 


0.168 


3.5 


21.31 


39.69 


[Sn]/Ha 


Sey2 


- 


813133 


149.86204 


1.89481 


0.444 


4.5 


18.95 


42.10 


[Nn]/Ha 


Sey2 


293 


813250 


149.83058 


1.90213 


0.730 


4.5 


21.62 


41.71 


[Oll]/HyS 


Sey2 


- 


813693 


149.72622 


1.83715 


0.674 


2.1 


21.38 


41.14 


[Oll]/HyS 


Sey2 


- 


814251 


149.60093 


1.82646 


0.433 


4.5 


21.92 


40.61 


[N iil/Ha 


Sey2 


- 


814284 


149.59289 


1.94331 


0.250 


3.5 


22.14 


39.77 


[Sn]/Ha 


Sey2 


- 


816490 


150.50326 


2.05877 


0.368 


3.5 


19.58 


41.02 


[Nnl/Ha 


Sey2 


- 


817444 


150.33577 


2.11693 


0.537 


4.5 


20.13 


41.27 


[Oll]/HyS 


Sey2 


- 


817672 


150.29147 


2.07307 


0.426 


3.5 


19.97 


41.52 


[Nn]/Ha 


Sey2 


- 


817907 


150.23947 


1.98371 


0.511 


4.1 


20.53 


41.16 


[Oll]/HyS 


Sey2 


60211 


817943 


150.23060 


2.04859 


0.830 


4.5 


22.45 


41.90 


[Oll]/HyS 


Sey2 


- 


818788 


150.06034 


1.97416 


0.336 


3.5 


22.47 


40.11 


[N iil/Ha 


Sey2 


- 


819003 


150.00781 


2.05307 


0.257 


4.5 


22.50 


39.73 


[Sn]/Ha 


Sey2 


- 


819431 


149.90112 


2.11145 


0.773 


3.5 


20.91 


41.85 


[Oll]/HyS 


Sey2 


- 


820316 


149.66920 


2.07405 


0.340 


4.5 


19.06 


41.51 


[Nn]/Ha 


Sey2 


417 


820515 


149.62115 


2.02135 


0.341 


4.5 


21.20 


40.61 


[Nn]/Ha 


Sey2 


- 


820983 


149.52125 


2.07939 


0.675 


4.5 


20.88 


41.83 


[Oll]/HyS 


Sey2 


5307 


823841 


150.31797 


2.23407 


0.374 


3.5 


20.67 


40.34 


[N iil/Ha 


Sey2 


203 


824055 


150.26632 


2.16649 


0.734 


3.5 


22.43 


41.12 


[Oll]/HyS 


Sey2 


- 


824096 


150.25558 


2.16464 


0.525 


2.5 


22.30 


40.77 


[Oll]/HyS 


Sey2 


- 


824363 


150.20420 


2.27451 


0.219 


2.5 


20.92 


39.33 


[Nn]/Ha 


Sey2 


- 


824420 


150.19311 


2.21009 


0.752 


2.5 


22.12 


41.04 


[Oll]/HyS 


Sey2 


- 


824849 


150.09733 


2.17753 


0.758 


3.5 


21.55 


41.33 


[Oll]/HyS 


Sey2 


- 


825411 


149.99502 


2.23858 


0.380 


4.5 


21.68 


39.82 


[N nl/Ha 


Sey2 


- 


826095 


149.85676 


2.27313 


0.764 


3.5 


20.62 


41.76 


[Oll]/HyS 


Sey2 


364 


826475 


149.78190 


2.13905 


0.355 


4.5 


18.92 


41.20 


[N ii]/Hq: 


Sey2 


63 


827053 


149.66590 


2.29256 


0.627 


3.5 


22.39 


40.82 


[Oll]/HyS 


Sey2 


- 


830061 


150.42443 


2.33795 


0.595 


2.5 


22.36 


40.41 


[Oll]/HyS 


Sey2 


- 


831402 


150.16346 


2.43274 


0.265 


4.5 


21.91 


40.10 


[Nn]/Har& [Sn]/Ha 


Sey2 


- 


833656 


149.74156 


2.32745 


0.790 


3.5 


22.45 


41.60 


[Oll]/HyS 


Sey2 


- 


833683 


149.73616 


2.41912 


0.570 


3.5 


22.36 


40.86 


[Oll]/HyS 


Sey2 


- 


833705 


149.73153 


2.41389 


0.668 


3.5 


20.97 


41.39 


[Oll]/HyS 


Sey2 


- 


835655 


150.71046 


2.47737 


0.360 


3.5 


18.79 


41.69 


[Nn]/Ha 


Sey2 


- 


835863 


150.66372 


2.51845 


0.403 


24.5 


21.40 


40.04 


[N n]/Ha 


Sey2 


- 


836868 


150.47703 


2.49409 


0.679 


4.5 


20.78 


42.17 


[Oll]/HyS 


Sey2 


- 


838362 


150.20448 


2.60782 


0.410 


3.1 


22.07 


40.53 


[N nl/Ha 


Sey2 


- 


838560 


150.17137 


2.56402 


0.502 


3.5 


21.02 


40.62 


[Oll]/HyS 


Sey2 


121 


841009 


149.71246 


2.57225 


0.615 


3.5 


22.37 


41.04 


[Oll]/HyS 


Sey2 


— 


841281 


149.65571 


2.60081 


0.735 


4.1 


20.63 


42.71 


[Oll]/Hy8 


Sey2 


2076 


841620 


149.57827 


2.49944 


0.220 


3.5 


21.25 


39.71 


[Nn]/Ha 


Sey2 




844050 


150.49067 


2.63469 


0.346 


4.5 


19.32 


40.84 


[Niil/Ha 


Sey2 


191 


844969 


150.30461 


2.68244 


0.741 


4.5 


22.28 


41.39 


[Oll]/HyS 


Sey2 




845167 


150.26257 


2.67084 


0.270 


3.5 


19.43 


41.26 


[Nn]/Har& [Sn]/Ha 


Sey2 


100 


845190 


150.25882 


2.65369 


0.267 


2.5 


21.87 


39.62 


[Nnl/Ha 


Sey2 




845769 


150.14062 


2.71089 


0.777 


3.5 


22.44 


41.25 


[Oll]/HyS 


Sey2 
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Object ID 


002000 


#J2000 


z 


flag ( ' 


Iab 


log(L [0 ni]) 


Diag.Diagn. 


Class 


XMM - ID ( ** ) 


848207 


149.62741 


2.66164 


0.358 


3.5 


19.83 


41.27 


[N n]/Ha 


Sey2 


— 


848413 


149.56764 


2.67188 


0.221 


4.5 


18.65 


40.43 


[Nn]/Ha & [Sii]/Hq- 


Sey2 


— 


848720 


149.49758 


2.65300 


0.267 


1.5 


22.24 


39.37 


[N n]/Ra 


Sey2 


— 


800984 


150.28646 


1.62392 


0.595 


4.5 


22.07 


41.94 


[Oll]/HyS 


Sey2 cand 


— 


803226 


150.70539 


1.71696 


0.570 


4.5 


22.40 


41.56 


[Oll]/HyS 


Sey2 cand 


— 


803924 


150.51625 


1.68451 


0.793 


4.5 


22.05 


41.78 


[Oll]/HyS 


Sey2 cand 


— 


805300 


150.19023 


1.65969 


0.516 


4.5 


21.41 


40.42 


[Oll]/HyS 


Sey2 cand 


— 


807230 


149.76208 


1.76743 


0.683 


2.5 


22.37 


41.00 


[Oll]/HyS 


Sey2 cand 


— 


807785 


149.63644 


1.63659 


0.667 


9.5 


22.32 


40.90 


[Oll]/HyS 


Sey2 cand 


— 


811012 


150.33102 


1.87974 


0.839 


4.5 


21.88 


42.26 


[Oll]/HyS 


Sey2 cand 


— 


811024 


150.32867 


1.82685 


0.811 


4.5 


22.23 


42.14 


[Oll]/HyS 


Sey2 cand 


— 


811075 


150.31761 


1.92252 


0.724 


4.5 


22.12 


41.50 


[Oll]/HyS 


Sey2 cand 


— 


811519 


150.22358 


1.86679 


0.672 


3.5 


22.12 


41.10 


[Oll]/HyS 


Sey2 cand 


— 


811525 


150.22271 


1.80714 


0.530 


3.5 


21.49 


40.71 


[Oll]/HyS 


Sey2 cand 


2448 


812173 


150.08485 


1.90615 


0.838 


4.1 


22.46 


41.61 


[Oll]/HyS 


Sey2 cand 


— 


813325 


149.81274 


1.82397 


0.530 


4.5 


20.89 


41.08 


[Oll]/HyS 


Sey2 cand 


5502 


813609 


149.74226 


1.80049 


0.693 


4.5 


22.48 


41.01 


[Oll]/HyS 


Sey2 cand 


— 


813759 


149.71685 


1.86958 


0.615 


4.5 


22.37 


40.65 


[Oll]/HyS 


Sey2 cand 


— 


813833 


149.70129 


1.87056 


0.787 


3.5 


21.85 


40.73 


[Oll]/HyS 


Sey2 cand 


— 


817109 


150.40248 


2.07014 


0.748 


3.5 


21.82 


41.08 


[Oll]/HyS 


Sey2 cand 


— 


817802 


150.26492 


2.08250 


0.888 


4.5 


22.25 


41.72 


[Oll]/HyS 


Sey2 cand 


— 


818408 


150.13594 


2.12021 


0.669 


3.5 


20.85 


41.23 


[Oll]/HyS 


Sey2 cand 


— 


819142 


149.96681 


2.07602 


0.715 


4.5 


22.36 


41.33 


[Oll]/HyS 


Sey2 cand 


— 


820055 


149.73767 


2.06520 


0.678 


4.5 


20.14 


41.56 


[Oll]/HyS 


Sey2 cand 


5440 


820087 


149.73082 


2.01584 


0.647 


4.5 


21.75 


41.51 


[Oll]/HyS 


Sey2 cand 


— 


820960 


149.52601 


2.02049 


0.623 


3.5 


21.43 


41.08 


[Oll]/HyS 


Sey2 cand 


5493 


823458 


150.39592 


2.20760 


0.672 


3.5 


20.83 


41.19 


[Oll]/HyS 


Sey2 cand 


— 


823828 


150.31987 


2.25700 


0.598 


3.5 


22.39 


41.04 


[Oll]/HyS 


Sey2 cand 


— 


824005 


150.28031 


2.25339 


0.665 


3.5 


21.90 


40.84 


[Oll]/HyS 


Sey2 cand 


— 


824129 


150.24775 


2.18188 


0.751 


3.5 


22.24 


41.17 


[Oll]/HyS 


Sey2 cand 


— 


824914 


150.08787 


2.19456 


0.688 


3.5 


20.80 


40.87 


[Oll]/HyS 


Sey2 cand 


— 


825103 


150.04956 


2.24032 


0.602 


4.5 


21.33 


41.98 


[Oll]/HyS 


Sey2 cand 


60364 


826547 


149.76593 


2.13280 


0.830 


4.5 


21.53 


41.37 


[Oll]/HyS 


Sey2 cand 


— 


829239 


150.58909 


2.31868 


0.730 


4.5 


21.29 


41.02 


[Oll]/HyS 


Sey2 cand 


— 


830321 


150.38336 


2.37199 


0.851 


4.5 


22.32 


42.32 


[Oll]/HyS 


Sey2 cand 


— 


830920 


150.26402 


2.38508 


0.729 


4.5 


21.85 


41.71 


[Oll]/HyS 


Sey2 cand 


— 


831156 


150.21556 


2.38531 


0.837 


3.5 


22.45 


41.32 


[Oll]/HyS 


Sey2 cand 


— 


831622 


150.11854 


2.41557 


0.837 


4.5 


21.25 


42.42 


[Oll]/HyS 


Sey2 cand 


— 


832586 


149.94662 


2.45866 


0.782 


9.3 


22.25 


41.06 


[Oll]/HyS 


Sey2 cand 


— 


833597 


149.75390 


2.29810 


0.725 


3.5 


22.43 


40.81 


[Oll]/HyS 


Sey2 cand 


— 


836763 


150.49719 


2.49495 


0.672 


4.5 


22.43 


41.32 


[Oll]/H/? 


Sey2 cand 


— 


837433 


150.37818 


2.53078 


0.796 


3.5 


21.85 


40.97 


[Oll]/HyS 


Sey2 cand 


— 


839230 


150.05230 


2.59478 


0.696 


4.5 


22.37 


41.85 


[Oll]/HyS 


Sey2 cand 


— 


839307 


150.03839 


2.56315 


0.738 


3.5 


21.94 


40.86 


[Oll]/HyS 


Sey2 cand 


— 


842052 


149.48318 


2.50662 


0.702 


4.5 


22.37 


41.08 


[Oll]/HyS 


Sey2 cand 


— 


843329 


150.63099 


2.66189 


0.506 


4.5 


21.91 


42.44 


[Oll]/HyS 


Sey2 cand 


— 


843389 


150.61933 


2.68042 


0.510 


3.5 


21.70 


40.26 


[Oll]/HyS 


Sey2 cand 


— 


844106 


150.48008 


2.69891 


0.625 


4.5 


22.44 


40.95 


[Oll]/HyS 


Sey2 cand 


— 


844618 


150.37585 


2.77923 


0.500 


4.5 


22.15 


40.91 


[Oll]/HyS 


Sey2 cand 


— 


846030 


150.09468 


2.74535 


0.503 


21.5 


21.67 


40.45 


[Oll]/HyS 


Sey2 cand 


— 


846516 


150.00840 


2.70455 


0.581 


2.1 


20.88 


41.15 


[Oll]/HyS 


Sey2 cand 


5572 


847272 


149.85305 


2.74751 


0.568 


4.5 


21.49 


41.29 


[Oll]/HyS 


Sey2 cand 


— 


847277 


149.85273 


2.78911 


0.598 


4.5 


22.31 


41.78 


[Oll]/HyS 


Sey2 cand 


— 


848174 


149.63697 


2.67238 


0.515 


3.5 


22.47 


40.29 


[Oll]/Hy8 


Sey2 cand 


— 


ojUZOZ 


1 jU.joooj 


Z.oj 111 


U.olo 


^ ^ 


11. J J 


41 .03 


rr\ ttI /xj /j 


Sey2 cand 




851807 


149.87678 


2.81183 


0.698 


4.5 


20.97 


40.93 


[Oll]/HyS 


Sey2 cand 




801297 


150.16557 


1.61078 


0.170 


4.5 


21.78 


39.25 


[Sn]/Ha 


LINER 




804277 


150.41975 


1.77573 


0.361 


3.5 


18.91 


39.70 


[N ii]/Ha; 


LINER 




804573 


150.34526 


1.69938 


0.309 


3.5 


19.15 


39.93 


[Nii]/Ha- (both) 


LINER 




805283 


150.19297 


1.75240 


0.266 


3.5 


17.98 


39.98 


[Nn]/Ha 


LINER 




806922 


149.82336 


1.79156 


0.433 


4.5 


21.79 


40.42 


[Nn]/Ha 


LINER 
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Table A.l. continued. 



Bongiorno, A. et al.: The evolution of type-2 AGN from the zCOSMOS Survey 



Object ID 


002000 


<5j2000 


z 


flag ( ' 


Iab 


log(L [OI Ti]) 


Diag.Diagn. 


Class 


XMM - ID ( ** ) 


807417 


149.72088 


1.69172 


0.387 


24.5 


21.48 


40.59 


[S iiJ/Hq- (both) 


LINER 


— 


807941 


149.59828 


1.76895 


0.356 


3.5 


22.11 


40.29 


[N ii]/Ha 


LINER 


— 


808018 


149.57618 


1.64344 


0.284 


2.5 


18.75 


40.22 


|Nn]/H(T 


LINER 


— 


808251 


149.52226 


1.67913 


0.324 


4.5 


22.26 


39.69 


[Nii]/Ha 


LINER 


— 


810929 


150.35191 


1.94829 


0.350 


3.5 


22.44 


39.87 


[N n]/Ha (both) 


LINER 


— 


810944 


150.34825 


1.94898 


0.347 


4.5 


18.66 


39.88 


[Nn]/Ha 


LINER 


— 


811036 


150.32690 


1.95576 


0.345 


3.5 


21.99 


39.83 


[N iij/Ho- 


LINER 


— 


811115 


150.30746 


1.91255 


0.248 


3.5 


20.53 


40.13 


[S n]/Ha 


LINER 


— 


812330 


150.04893 


1.94878 


0.439 


1.5 


21.78 


39.81 


[N nl/Ho- 


LINER 


— 


812538 


150.00230 


1.86215 


0.281 


4.5 


20.85 


40.69 


[Nn]/Ha 


LINER 


— 


812596 


149.98805 


1.82299 


0.342 


3.5 


19.16 


39.98 


[N iil/Ho- 


LINER 


— 


812632 


149.97776 


1.83432 


0.371 


3.5 


20.95 


40.24 


tS n]/Ha 


LINER 


— 


812882 


149.91731 


1.86815 


0.446 


4.5 


21.71 


40.84 


[N n]/Hor 


LINER 


— 


813199 


149.84753 


1.92329 


0.372 


4.5 


19.58 


39.97 


[N iil/Ho- 


LINER 


— 


813816 


149.70356 


1.80179 


0.202 


4.5 


21.89 


39.81 


tS n]/Ha 


LINER 


— 


813888 


149.68669 


1.85241 


0.341 


3.5 


22.24 


40.02 


[Nn]/Ha 


LINER 


— 


814131 


149.62829 


1.82954 


0.398 


2.5 


21.56 


39.54 


[Nn]/Ha 


LINER 


— 


816988 


150.41995 


1.97551 


0.310 


3.5 


20.24 


39.49 


[Nii]/Ha 


LINER 


— 


816998 


150.41833 


2.08515 


0.425 


4.5 


19.99 


41.24 


[N nl/Ho- 


LINER 


2195 


818160 


150.18249 


2.03933 


0.347 


3.5 


20.27 


39.59 


[N nj/Ho- 


LINER 


— 


818225 


150.17228 


2.00605 


0.310 


3.5 


19.00 


39.62 


[N iij/Ho- 


LINER 


— 


818312 


150.15145 


1.96550 


0.361 


2.5 


20.27 


40.00 


[Nn]/Ha 


LINER 


— 


818453 


150.12748 


2.11223 


0.360 


2.5 


22.38 


39.57 


[Nii]/Ha 


LINER 


— 


818456 


150.12730 


2.08187 


0.382 


4.5 


21.93 


40.01 


[N iij/Ho- 


LINER 


— 


818518 


150.11550 


1.98236 


0.361 


2.5 


20.45 


39.96 


[N iij/Ho- 


LINER 


— 


818607 


150.10105 


1.99492 


0.373 


2.5 


21.22 


39.80 


[N iij/Ho- 


LINER 


— 


818868 


150.04240 


2.12580 


0.340 


4.5 


21.08 


40.29 


[Nn]/Ha 


LINER 


— 


818949 


150.02084 


2.05949 


0.373 


3.5 


19.40 


40.07 


[Nn]/Ha 


LINER 


70220 


819090 


149.98082 


2.05774 


0.358 


4.5 


21.74 


40.38 


[Nii]/Ha 


LINER 


— 


819241 


149.94342 


2.09623 


0.356 


3.5 


21.47 


40.11 


[N iij/Ho- 


LINER 


— 


819294 


149.93138 


2.04602 


0.442 


3.5 


21.91 


40.03 


[N iij/Ho- 


LINER 


— 


819347 


149.92088 


2.03123 


0.356 


4.5 


18.98 


40.54 


[N iil/Ho- 


LINER 


— 


819596 


149.86483 


2.00328 


0.417 


3.5 


22.30 


40.30 


tS n]/Ha 


LINER 


— 


819667 


149.84478 


2.01555 


0.253 


3.5 


20.47 


40.02 


[N n]/Ha & [S ii]/Hq- 


LINER 


— 


819739 


149.82717 


2.03881 


0.361 


4.5 


22.15 


40.35 


[Nn]/Ha 


LINER 


— 


819813 


149.80448 


2.09796 


0.283 


2.5 


22.15 


39.80 


[N iij/Ha 


LINER 


— 


820454 


149.63649 


2.02012 


0.354 


4.5 


19.09 


40.04 


[N iij/Ho- 


LINER 


— 


820664 


149.58821 


2.08737 


0.285 


2.5 


20.45 


39.65 


[N iij/Ho- 


LINER 


— 


823616 


150.36183 


2.26476 


0.255 


2.5 


18.81 


39.29 


[Nii]/Ha 


LINER 


— 


824083 


150.25961 


2.20985 


0.372 


2.5 


20.16 


39.93 


[Nn]/Ha 


LINER 


— 


824405 


150.19694 


2.28779 


0.441 


3.5 


20.70 


40.01 


[N iil/Ho- 


LINER 


— 


824856 


150.09587 


2.25361 


0.321 


4.5 


21.88 


40.35 


tS n]/Ha 


LINER 


— 


825006 


150.06764 


2.24299 


0.345 


4.5 


18.97 


40.31 


[N n]/Ha & [S n]/Ha 


LINER 


— 


825708 


149.93176 


2.28066 


0.413 


3.5 


22.30 


39.83 


[S u]/Ua 


LINER 


— 


825904 


149.89498 


2.20841 


0.344 


4.5 


19.96 


40.37 


[N n]/Ha & [S iil/Ho- 


LINER 


— 


826135 


149.84931 


2.13400 


0.373 


2.5 


22.08 


39.45 


tS iil/Ho- 


LINER 


— 


826201 


149.83799 


2.20825 


0.384 


3.5 


22.13 


39.92 


tS n]/Ha 


LINER 


— 


826888 


149.69905 


2.24733 


0.220 


3.5 


21.74 


39.91 


[N iil/Ho- 


LINER 


— 


827400 


149.59808 


2.15839 


0.379 


2.5 


21.41 


39.34 


tS n]/Ha 


LINER 


— 


827762 


149.50944 


2.23188 


0.282 


3.5 


18.27 


40.30 


[N nl/Ho- 


LINER 


— 


827818 


149.49485 


2.28065 


0.305 


4.5 


18.80 


40.36 


[Nii]/Ha 


LINER 


— 


830098 


150.41909 


2.33659 


0.430 


4.5 


21.57 


40.67 


[Nii]/Ha 


LINER 


— 


830317 


150.38441 


2.39127 


0.374 


4.5 


19.79 


40.67 


[N iil/Ho- 


LINER 


— 


830802 


150.28584 


2.35820 


0.340 


4.5 


21.06 


40.37 


tS n]/Ha 


LINER 


— 




1 <r\ aoa/;c 
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832130 


150.03523 


2.41512 


0.371 


2.5 


20.58 


39.76 


[Nn]/Ha 


LINER 




832140 


150.03337 


2.38071 


0.342 


1.5 


22.36 


39.53 


[Nn]/Ha 


LINER 




832153 


150.03082 


2.31296 


0.437 


3.5 


21.23 


40.39 


[Nn]/Ha 


LINER 




832425 


149.98074 


2.34280 


0.282 


1.5 


22.01 


39.58 


[Nn]/Ha 


LINER 




832819 


149.90313 


2.44337 


0.342 


2.5 


21.52 


39.88 


[Nn]/Ha 


LINER 




832902 


149.88401 


2.45838 


0.333 


3.5 


19.41 


40.57 


[Nn]/Har& [Sn]/Ha 


LINER 
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Object ID 


002000 


#J2000 


z 


flag ( ' 


Iab 


log(L ( om]) 


Diag.Diagn. 


Class 


XMM - ID ( ** ) 


832913 


149.88279 


2.34362 


0.361 


4.5 


20.16 


39.65 


[N n]/Ha 


LINER 


— 


833279 


149.81184 


2.44122 


0.426 


24.5 


21.05 


40.07 


[N iij/Ho- 


LINER 


— 


833562 


149.76103 


2.38529 


0.354 


3.1 


21.80 


40.27 


[Nnl/Ho- 


LINER 


— 


833599 


149.75357 


2.39981 


0.347 


2.1 


21.81 


39.63 


[N nl/Ho- 


LINER 


— 


833627 


149.74729 


2.34573 


0.373 


4.5 


18.32 


40.27 


[Nn]/Ha 


LINER 


— 


834427 


149.59079 


2.42824 


0.445 


3.5 


21.15 


40.54 


[Nii]/Ha 


LINER 


— 


836171 


150.60392 


2.54711 


0.372 


3.5 


20.29 


39.73 


[N nj/Ho- 


LINER 


— 


837364 


150.39102 


2.50478 


0.220 


2.5 


22.12 


39.30 


[N nj/Ho- 


LINER 


— 


837373 


150.38966 


2.59289 


0.361 


3.5 


21.12 


40.32 


[N iij/Ho- 


LINER 


— 


837378 


150.38847 


2.57608 


0.361 


3.5 


21.95 


40.12 


[Nn]/Ha 


LINER 


— 


837475 


150.37069 


2.52179 


0.348 


1.5 


21.35 


39.49 


[Nn]/Ha 


LINER 


— 


837485 


150.36911 


2.61409 


0.434 


2.5 


21.76 


39.89 


[N iil/Ho- 


LINER 


— 


837768 


150.31518 


2.51697 


0.361 


2.5 


21.31 


39.69 


tS n]/Ha 


LINER 


— 


838271 


150.22023 


2.52454 


0.376 


2.5 


20.52 


39.52 


[Nn]/Ha 


LINER 


— 


838310 


150.21530 


2.60187 


0.409 


1.5 


19.27 


40.06 


[N n]/Ha & [S n]/Ha 


LINER 


— 


838415 


150.19491 


2.49020 


0.376 


3.5 


21.09 


39.52 


[N n]/Ha & [S ii]/Ha 


LINER 


— 


839265 


150.04681 


2.48205 


0.307 


3.5 


21.67 


39.84 


[S ii]/Hq- 


LINER 


— 


839410 


150.02198 


2.56129 


0.438 


2.5 


22.05 


40.00 


[Nn]/Ha 


LINER 


— 


839422 


150.01910 


2.59541 


0.307 


3.5 


19.99 


39.70 


[N iij/Ho- 


LINER 


— 


839646 


149.97569 


2.46143 


0.346 


4.5 


18.81 


40.57 


[Nnj/Ho- 


LINER 


60305 


840078 


149.91214 


2.56036 


0.413 


2.5 


20.15 


39.94 


[Nn]/Ha& [Sn]/Ha 


LINER 


— 


841692 


149.56105 


2.56277 


0.247 


1.5 


22.36 


39.22 


[S ii]/Hq- 


LINER 


— 


841723 


149.55378 


2.46013 


0.375 


3.5 


22.02 


40.43 


[N n]/Ha & [S n]/Ha 


LINER 


— 


842079 


149.47718 


2.58237 


0.419 


4.5 


21.03 


40.65 


[N ii]/Ha & [S n]/Ha 


LINER 
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845172 


150.26220 


2.65797 


0.348 


4.5 


21.60 


40.27 


[S n]/Ha 


LINER 




845649 


150.16024 


2.69930 


0.305 


3.5 


19.00 


40.14 


[Nn]/Ha 


LINER 




845945 


150.10801 


2.69555 


0.350 


2.5 


19.37 


40.05 


[Nn]/Ha 


LINER 




846070 


150.08940 


2.70716 


0.355 


3.5 


22.02 


39.73 


[Nn]/Ha& [Sn]/Ha 


LINER 




846146 


150.07553 


2.71314 


0.432 


2.5 


21.26 


39.71 


[Nn]/Ha 


LINER 




848329 


149.58770 


2.76141 


0.353 


3.5 


18.83 


39.95 


[Nn]/Ha 


LINER 





w confidence level for the assigned redshift considering also the consistency with the photometric redshift. It ranges from 1 (low 
quality) to 4.5 (h i gh qu ality); a 2 is added in front when the object has been observed as secondary target, for more details see 
iLilly et all J2007L [2009b . 

( **' see lCappelluti et all d2009h . 



